Grazing affects the plant ecology and adds cxcreta, thereby lnfluenclng soll N relatlonshfps. Consequently, total N, mlnerallxable N, exchangeable N, hydrolyxable N, and urease activity were assessed at the Agriculture Canada Research Substation, Stavely, Albert8, in the Ah horizons on rough fescue (F&ucu scafueI& Ton.) grasslands stocked at either light (0.8 ha/AUM) or very heavy (0.2 ha/AUM) fixed rates for 38 years and in exclosurea located within each field for an equal period of time. Even though total N expressed as t/ha per Ah horizon remained the same, changes in various N fractions were nevertheless evident. Graxing resulted in more NH&N and NO&N in both fields at the time of sampling and each was greater at the higher stocking rate. Although soll N was less mfneralixable, it was more acidhydrolyxable at the nigher stocking rate. Urease activity also increased. The effect on soll N charrcteristics of increased excretr loads is complex and still not well understood.
A number of previous studies on the grazing experiment sampled for the present study have been published. Johnston et al. (197 1) established that very heavy grazing of fescue (Festuca scubrella Torr.) grassland range compared with light grazing changed the color of the Ah horizon from black to dark brown and the pH from 5.7 to 6.2, reduced the percent organic matter and percent total P, but increased NaHCOs-soluble P and soil temperature. Total N remained the same, but C/N ratios changed from 11.5 to 9.8. Soil moisture decreased with increased grazing intensity as water intake rate was reduced and, presumably, evaporation increased with the removal of litter. The potential for soil erosion by water is high when about 15% of the soil surface is bare (Johnston 1962) . The soil of the very heavily grazed field was being transformed to a soil characteristic of a drier microclimate. Other than total nitrogen (N) which did not show any definite trends (Johnston et al. 1971; Dormaar et al. 1977) , no other forms of N have been studied in thii long-term grazing experiment. Urease activity in soil from an ungrazed field was less than that in soil of the very heavily grazed field (Dormaar et al. 1984) .
The most important forms of available N are NH;, NO& and certain simple organic compounds, principally those containing free amide or amino groups. The level of inorganic N in the soil, consisting of both Na and NH; ions, is governed in natural ecosystems by the balance between supply from mineralization of organic N, rain-borne N, and fixation and losses through immobilization, leaching, volatilization, and uptake by the vegetation (Stevenson 1986 ). The levels are normally low because of their rapid utilization by the range vegetation. With active grazing, an additional cycle is introduced and consists of N passing through the animal body, after which most of it is usually returned to the soil through excreta.
Following studies of old-field successions from abandonment of cultivated soils to the climax, Rice (1984) established that the amount of NH&N increased from a minimum quantity in the first successional stages to a maximum in the climax and vice versa for NO&N. Further, Dormaar (1988) observed that the quality of the soil organic matter and, possibly, of root exudates may affect the formation of NH&N and NO&N. Grazing changes the vegetation composition and the chemical characteristics of soil (Johnston et al. 197 1) but its effect on the mineral N status is not clear. Nitrogen is a key element in the grassland ecosystem, because of its capacity to limit primary and secondary production. A study was made to determine the effects of grazing on the composition and quantity of nitrogen in the Ah horizon of the rough fescue grasslands and to assess the consequences of the effects.
Materials and Methods
The study site was at the Agriculture Canada Research Substation, Stavely, Alberta, situated in the Porcupine Hills, an area managed primarily for grazing by cattle. The vegetation is typical of the Fescue Grassland Association (Coupland and Brayshaw 1953) . The soils are members of the Orthic Black Subgroup of the Chemozemic Order (Udic Haploboroll), developed on till overlying sandstone, and have a clay-loam to loam texture. The climate is dry subhumid and annual precipitation averages about 500 mm. Details of the overall grazing trial since 1949 have been given by Johnston et al. (197 1) and Wilhns et al. ( 1985) .
On 15 Oct. 1986,2 fields grazed by cows with calves since 1949 and adjacent exclosures were selected for sampling. The fields were grazed each year from about 15 May to 15 Nov. The lightly stocked field (field L) was at a rate of 0.8 ha per animal unit month (AUM) and the very heavily stocked field (field VH) at the rate of 0.2 ha/ AUM. The grazing season of the latter field, because of deterioration of cover, varied from about 2.5 to 5 months since 1962. Cattle removed about 25 and 80% of available forage in fields L and VH, respectively. Soil pits were dug and soil profiles were described at each site. In addition, the Ah horizon was sampled in 4 subplots in fields L and VH which were paired with 4 subplots in the exclosures within the same fields, giving a total of 16 samples. The paired plots had similar slope and aspect thereby reducing variability due to site. Only the Ah horizon was sampled because over 70% of the root system can be found here (Coupland and Brayshaw 1953) . Even though organic matter and nitrogen levels fluctuate with the seasons (Dormaar et al. 1977 , Dormaar et al. 1984 , the sampling was made in autumn because the effects of excreta and trampling would be at their peak. The sampling period was similar to that reported by Johnston et al. (197 1) as part of a study examining grazing effects on soils.
The samples were hand-sieved through a 2-mm sieve the day they were collected. A portion of each sieved sample was stored in sealed, double polyethylene bags at 4' C, the remainder was dried and ground to pass a 0.5-mm sieve. At the time of sieving, roots and other debris were removed from the soil and discarded. Moisture content of the soil was determined by drying a small portion overnight at lOSo C. The mineraliible N analyses were carried out on the moist soil. All other analyses were carried out on the airdried soils. Urease activity, which is important as a decomposing agent for urea, was determined at pH 9.0 by incubating 5 g with tris(hydroxymethyl)-aminomethane buffer (0.05 M), urea solution, and toluene at 370 C for 2 hours, and measuring the ammonium released after steam distillation (Tabatabai and Bremner 1972) . Total N was determined by the method outlined by the Association of Official Agricultural Chemists (1950) and hydrolyzable N, amino acid-N, amino sugar-N and NHs-N by methods described by Stevenson (1982) . The relative ability of the soils to mineralize the N from the organic matter was determined as outlined by MacKay and Carefoot (1981) ; exchangeable NO&N and NH&N by KC1 extraction and steam distillation were as outlined by Keeney and Nelson (1982) . All analytical results were expressed on the basis of ovendried weight of soil,
The data were analyzed as if there were 4 treatments with 4 replications using a one-way analysis of variance, with the assumption that the sampling error represented the experimental error. Single degree of freedom contrasts (Steel and Torrie 1980) were used to test for differences between selected meanr.
Although replication and application of current statistical analyses to newly established, replicated field plot experiments is common and undeniably desirable and useful, valid information and data can still be gained from early established, unreplicated field experiments including long-term grazing trials, by virtue of their antiquity (Ridley and Hedlin 1968, Dormaar and Pittman 1980) . Soil profiles were up to 69 cm thick (Table l) , and gravel to cobble size quartxitic stones were present throughout the profile together with sandstone ghosts in the lower Bma and Ck horizons. With progressive transformation of the soil due to increased graxing pressure, the color of the Ah horizon in field VH changed from black (1OYR 2/ 1, dry) to dark brown (1OYR 3/3, dry) indicating a loss of organic matter. The average water content of the Ah horizons of the soils in the exclosures, field L, and field VH, at the time of sampling, was 64,59, and 52% (w/w), respectively. Between 15 Sept. and 14 Oct. 1986,92 mm of precipitation occmred in the form of rain and wet snow. The N characteristics of the samples from the 2 exclosures were similar in each comparison (FXJ.40) even though, geographically, one exclosure was in an upslope and the other was in a midslope position. Therefore, their data were combined for comparisons with the graxed fields (Table 2) .
Total N, exchangeable N, hydrolyzable N, and urease activity in soils increased with graxing intensity, while mineralizable N and amino sugar decreased (Table 2) . Soils of the exclosure were similar, with respect to total N and amino sugar, to the soil of field L.
Dinmsdon Willms et al. (1985) noted that prior to the initiation of the grazing study in 1949, the area was moderately stocked for summer graxing with cattle from 1884 to 1908, with horses from 1908 to 1920, and with cattle again from 1920 to 1943. The latter period, however, included heavy use during the 1930's drought. Finally, the area was used lightly for winter pasture from 1944 to 1949. In 1949, when this study was started, exclosures were established. Even though the range condition in the exclosure of field L had reached near stability 14 years later in a level upslope position and the range condition in the exclosure of field VH was still improving in 1981 due to its steep midslope position (Willms et al. 1985) , the soil profile descriptions of the 2 exclosures were now quite similar. In addition, the soil characteristics measured were in the same steady state. The changes in color and depth of the Ah horizons, as noted by Johnston et al. (1971) , and the changes in the various N parameters measured (Table 2) , thus represent either an intensification or an amelioration of the characteristics existing in 1949 by the grazing scheme imposed.
Soil samples were not taken at the start of the present grazing study in 1949. The first samples analyzed were in 1967 (Johnston et al. 1971) ; however, the exclosures were not sampled and bulk densities were not determined at that time. Total N at that time was 0.59 and 0.57%for fields Land VH, respectively. These values were the averages of 10 samples randomly selected from grids superimposed on these fields. Of these samples, those closest to and in equal positions to the sites sampled in 1986, averaged 0.78 and 0.79% N for field L and VH, respectively (Table 3) . Even though both fields appeared to gain in N, the corresponding C/N values for fields L and VH were generally not out of line (Table 3) .
Since the increase in percent N cannot be explained and may be attributed to a sampling discrepancy between 1967 and 1986, it is more meaningful to compare the N of the exclosures with that of field VH as found at the time of sampling in 1986, For this comparison, N mass in the Ah horizon is a more realistic parameter because it accounts for the depth of the Ah horizon and the concentration of N which has, presumably, reached equilibrium with the grazing regime imposed on it.
Concentration of N per se in the Ah horizon cannot explain the effects of grazing soil quality since erosion of the Ah horizon and its bulk density had also been affected. However, on the basis of the N concentrations, depth of Ah horizons and the bulk densities, the Ah horizons in the exclosure and under the VH field contained 12.96 and 13.07 t/ha of N, respectively (Table 3) . Although grazing animals ingest a large amount of N in feed, about 75% is excreted (Peterson et al. 1956 ). The N was, therefore, concentrated in a more dense Ah horizon of the VH field. Similarly, the mass of N in t/ ha for field L was 12.94 (Table 3) . Hence, rather than using concentrations, the focus has been on more meaningful biochemical parameters to examine the effect of increased grazing pressures on the quality of the soil, i.e., the redistribution of the N within the system. The increased grazing pressure resulting from the high stocking rate has altered the N properties of the range soil. Part of this can be related to the increased excreta load. For example, the excretarelated parameters, such as available N (MacDiarmid and Watkin 1972), increased in the grazed areas. Although the mineralizable N, i.e., the potential availability of N, of the whole soil was lower in the grazed than in the ungrazed soils (Table 2) , dung N per se has been found to be a very efficient nutrient for plant growth because of its slow-release availability (MacDiarmid and Watkm 1972) . Urease activity similarly increased in the very heavily grazed range.
Since there is less mulch and less standing biomass under the very heavily grazed regime, the soil warms up quicker in the spring (Johnson 1962 , Johnstonet al. 1971 ) and will be drier (Johnston et al. 1971 , Dormaar et al. 1989 . There is more NH&N than NGN in rough fescue grassland than in grassland associations of semiarid areas. Nevertheless, in this experiment, concentrations of both forms of nitrogen increased with intensity of grazing. Bauer et al. (1987) noted that the difference between ungrazed and grazed levels of soil N could be caused by greater denitrification losses in ungrazed grasslands because of cooler and more moist conditions early in the season. Naturally, with more standing crop, more N will be taken up as well.
A decrease in mineralization rate was to be expected for several reasons. It has been shown that the Black Chemozemic soil under increased grazing pressures changes to a soil characteristic of a drier microclimate (Johnston et al. 1971 ). Neal (J.L. Neal, Jr., unpublished data) found that soil microbial mass decreases from the dry, subhumid to the semiarid climate of southern Alberta and from field L to field VH. Finally, over 90% of N in most surface soils is organically combined (Stevenson 1986 ). However, 3 other factors will have to be considered in this context as well. With heavy grazing, the quality of the soil organic matter has changed, since, in spite of increased total N content, thii N was not as potentially available. Herbage removal resulted in considerable reduction in weight of roots (Johnston 1961 ) and thus in root exudates. There is also evidence (Neal 1969 ) that roots of increasing and invading plants on overgrazed grasslands produce substances that inhibit nitrification. This could be a mechanism whereby these plants conserve the low amounts of nitrogen available in grassland soils. The NH&N uptake characteristics of these increasers and invaders are, however, virtually unknown. Finally, the chemistry of the pathways of decomposition of the excreta under the influence of the changing microclimate and the root exudates of the increasers and invaders has not been studied in much detail.
Although Sowden et al. (1977) showed that between 86 and 89% of the total N in soils from widely differing climatic zones was hydrolyzable by hot 6M HCl, the range for this study was 75 to 85%. For a sequence of native range to recently revegetated native range on an Orthic Brown Chemozemic (Aridic Ustochrept) soil, this range was 75 to 81% (Dormaar and Smoliak 1985) . As grazing pressure increased, the fraction of the hydrolyzable N presented as amino acid-N and NHs-N gradually increased, while the proportion as amino sugar-N essentially remained the same. Some of the NHr,-N will be derived from indigenous fixed NH&N and part comes from partial destruction of amino sugars (Stevenson 1982) . Nevertheless, the composition of a large percentage of the N in the soil is still unknown. Schnitzer and Hindle (1981) felt that the unidentified N was not proteinaceous, because relatively more 'unknown'N occurred in the inorganic than in the organic fraction of the soil.
Models of N cycling and N budgets have tried to account for soil NH&N and NOGN, soil organic matter, and N content of above and below-ground biomass together with the actual plant, microorganisms, and soil interactions (Patton and Risser 1977) . However, more detailed analyses of the Ah horizon subjected to various grazing pressures, in terms of the organic and inorganic composition of excreta and root exudates of dccreasers, increasers, and invaders, will be necessary to expand these models in order to account for the accompanying plant ecological and microclimatological transformation.
Even though concentrations of total and exchangeable N increased, the decrease in mineralizable and thus potentially available N decreased with graxing intensity. This change is real regardless of the time of sampling. Nevertheless, in a study of this nature, time of sampling may be crucial. Tie and extent of availability are essential parameters for optimal plant growth. However, different plants have different N requirements, both in terms of timing and of NG or NH; requirements. Rough fescue is largely eliminated by very heavy grazing, while the new grasses and forbs will have different needs that fit the new ecological niche created by overgrazing and inueased excreta load.
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